This study quantified the burrow dynamics of the gecarcinid land crab Gercarcoidea natalis (Pockock, 1888), the most common land crab in rain forest on Christmas Island, Indian Ocean. Mean burrow density remained relatively stable over a two-year period, fluctuating between 1.4 and 1.6 burrows/m 2 . Burrows were long-lived, stable structures, with a mean turnover time estimated at least 4.4 6 1.6 y, and probably greater than 5 y. Burrow entrances were also highly stable in space. Two thirds of burrow entrances were repositioned within an area of 20 cm 2 or less, and 83% of entrances moved within less than 60 cm 2 . Red crabs accumulate litter around their burrow entrances and create nutrient hotspots in the soil around burrow entrances, whose stability and longevity suggested that germinating seedlings may derive some benefit from germinating in the immediate vicinity of crab burrows. The rate of burrow turnover is slow, causing minimal soil disturbance at the study site with little, if any, impact on above-ground plant productivity. Red crabs plugged their burrows intermittently year-round with loose wads of leaves or with soil. Major plugging peaks were recorded in March of both years of the study, midway through the wet season. At this time 49-59% of burrow entrances were sealed with a deep plug of soil, and many burrows remained plugged long enough for the crabs to molt. These data suggest that most red crabs molted annually at the study site.
. Red crabs accumulate litter around their burrow entrances and create nutrient hotspots in the soil around burrow entrances, whose stability and longevity suggested that germinating seedlings may derive some benefit from germinating in the immediate vicinity of crab burrows. The rate of burrow turnover is slow, causing minimal soil disturbance at the study site with little, if any, impact on above-ground plant productivity. Red crabs plugged their burrows intermittently year-round with loose wads of leaves or with soil. Major plugging peaks were recorded in March of both years of the study, midway through the wet season. At this time 49-59% of burrow entrances were sealed with a deep plug of soil, and many burrows remained plugged long enough for the crabs to molt. These data suggest that most red crabs molted annually at the study site.
Burrows play an important role in the lives of many terrestrial and semi-terrestrial crab species. For example, land crabs reduce evaporative water loss by retreating into the still, humid microclimate of their burrows (Greenaway, 1988) , and burrowing is one of a suite of behavioural and osmoregulatory responses that allow some species to survive with little or no access to free-standing water (Greenaway and MacMillen, 1978; Greenaway 1994) . Further, burrows are central to many intra-and interspecific interactions, including territorial defence against conspecifics (Wada, 1984 (Wada, , 1987 Wada et al., 1998; Gherardi and Russo, 2001) , the defence of mating sites (e.g., Klaasen, 1975; Bliss et al., 1978; Christy, 1982 Christy, , 1983 Hicks, 1985; Dunham and Gilchrist, 1988) , the protection of paternity (Goshima et al., 1996) , and defence against predators (Wolcott, 1988) .
Burrowing animals can also be important ''ecosystem engineers'' (Lawton and Jones, 1995) , because their activities can have significant biotic and edaphic consequences (Felder, 2001; Berkenbusch and Rowden, 2003) . The huge mounds excavated by burrowing thalassinidean mud lobsters and shrimps provide substrate for other burrowing crustaceans (Havanond, 1987; Curran and Martin, 2003) and are important sites of plant succession in mangrove forests (Havanond, 1987) . Burrowing by ocypodid and grapsid crabs increases the productivity of some intertidal salt marshes and mangrove forests (Montague 1980 (Montague , 1982 Bertness, 1985; Smith et al., 1991) and can also alter the microtopography and distribution of sediment particle size (Warren and Underwood, 1986 ; but see Hoffman et al., 1984) . Water flow through intertidal burrows may also provide an efficient pathway for nutrient transfer (Ridd, 1996) , and intertidal burrows may also act as a trap for organic matter, and help prevent the loss of carbon and nitrogen from the system (Kinoshita et al., 2003) .
Gecarcinid crabs are common in many terrestrial habitats throughout the tropics, and burrow densities of around 1 m À2 are not uncommon (Green, 1997) . The burrow structure of several species has been described (Herreid and Gifford, 1963; Ehrhardt and Niaussat, 1970; Braithwaite and Talbot, 1972; Bliss, 1979; Bliss et al., 1978; O'Dowd and Lake, 1989) , but virtually nothing is known of burrow longevity, rate of turnover, or the effects of burrows on soil properties or plant population dynamics. On Christmas Island (Indian Ocean), red land crabs (Gecarcoidea natalis (Pocock, 1888)) may cause local nutrient-enrichment in the soil by gathering leaves around their burrow entrances (O'Dowd and Lake, 1989) . These ''hotspots'' could increase the probability of successful seedling establishment if the crabs returned some seeds intact to their burrows (O'Dowd and Lake 1989), but such an effect would depend on burrow stability. The rate of G. natalis burrow turnover is not known, but Gibson-Hill (1947) thought that burrows were dug and abandoned ''quickly,'' implying a high rate of turnover. A high rate of burrow turnover, combined with the high density and biomass of these crabs in rain forest on the island (0.4 to 1.8 crabs m À2 and 1.0 to 1.5 t ha À1 ; Green, 1997) , would further suggest that red crabs could be an important determinant of plant community and nutrient dynamics over a much broader spatial scale. This study reports on the longevity and turnover time of red crab burrows, and litter dynamics around burrow entrances. The data are also used to assess the frequency and timing of molting in red crabs, by considering the frequency and duration of periods during which burrow entrances were ''plugged'' with soil.
MATERIALS AND METHODS
Christmas Island (108309S, 1058409E) lies 360 km south of Java in the Indian Ocean. It is a small (135 km 2 ) island rising to an elevation of 361 m, and is covered by a tall but floristically simple rain forest that has been partly cleared for phosphate mining. The average annual rainfall is about 2000 mm (Stoddart, 1971) , most of which falls in the wet season from November to May. In both years of the present study, however, the dry season extended into December.
Red crabs excavate burrows by dragging up soil with the trailing walking legs, and then bulldozing it away from the mouth of the burrow with the leading cheliped. The excavated soil forms a low mound around the lower edge of the burrow entrance, but these mounds are not the chimneylike edifices constructed elsewhere by some land crabs (McCann, 1938; Silas and Sankarankutty, 1960; Grubb, 1971) . Two types of burrows are excavated: (1) ''residential'' burrows, occupied by nonbreeding crabs, that are excavated by both male and female crabs throughout rain forest on the island, and occupied more-or-less year-round; and (2) ''breeding'' burrows that are excavated by males only during the annual breeding season, usually in November/December. Adult male and female crabs migrate en masse to the coast at the start of each wet season (Hicks, 1985; Adamczewska and Morris, 2001) , and once there, male crabs excavate large breeding burrows in which mating and egg-brooding occur. Upon the completion of these activities, which only take several weeks, crabs abandon these burrows and migrate inland. This study reports on the dynamics of residential burrows in primary rain forest near Murray Hill, in the western area of Christmas Island (see Green, 1997, and Green et al., 1997 , for further descriptions of the study site). During the study period, these residential burrows were populated almost exclusively by medium to large-sized crabs (carapace width . 40 mm). The width of the entrance of a residential burrow correlates with the size of the resident crab (Green, 1997) . Burrows typically consist of a single entrance leading to a ''kinked'' tunnel that terminates in an expanded chamber (O'Dowd and Lake, 1989) .
Burrow dynamics were monitored over two years (April 1989 to April 1991 in six 10 m 3 10 m plots, each separated by at least 40 m. Accurate estimates of burrow density and the number of plugged entrances could not be made by simple, regular surveys, because although freshly excavated soil made many newly plugged burrows obvious, heavy rain sometimes quickly removed any sign of plugged burrow entrances. These burrows would have been overlooked in subsequent surveys, and reopened burrows would have been recorded as ''new,'' causing under-estimates of burrow turnover time. Instead, every identifiable burrow in each of the six plots was initially marked with a thin wire peg placed to one side of the entrance. Plugged burrow entrances were additionally marked with a dated aluminium tag. Every burrow entrance was checked at two-week intervals thereafter, but because burrows were so numerous, only the number of ''new,'' ''newly plugged,'' ''reopened,'' and ''abandoned'' burrows were actually counted and marked with dated tags. Abandoned burrows were difficult to identify, but were judged to be those which remained plugged for more than four months, or which did not show any signs of recent habitation (fresh faeces or disturbed soil around the entrance). Some of these later showed signs of habitation, in which case they were included in the calculation of burrow longevity and turnover rate in subsequent analyses. Extreme care was taken at all times not to trample burrows.
For any survey at time t, burrow density was calculated as the density at t À1 (the survey immediately preceding t), plus the number of new burrows that appeared since t À1 , minus the number of burrows closed down since t À1 . Similar calculations were made for the number of plugged burrows. Errors arising from the occasional loss of tags from the wire pegs, or from the back-recording of reopened burrows would have accumulated in the data with this method, because they persisted through each sequential calculation. To determine the combined effects of these errors, the actual density and number of plugged burrows were compared to their calculated estimates 13 months after the start of the study. The ''actual'' values were determined by counting every open and plugged burrow on the plots at that date, as indicated by their date tags. These figures were adjusted for burrows which were marked as plugged at 30 May 1990, but were subsequently scored as closed down after this date. After 13 months, the calculated density of burrow entrances was just 3.2% greater than the actual density on the plot at the same time (mean of six plots), while the calculated proportion of plugged burrows was greater by a mean of 1.3%.
A subset of numbered burrows on each plot was closely monitored to obtain more detailed information on burrow dynamics. ''New'' burrows that appeared on each plot during the second and third surveys were marked with a numbered steel rod placed 10-25 cm to one side of the entrance (maximum n ¼ 15 per plot, n ¼ 83 in total). These burrows were scored for the following characteristics every two weeks thereafter for two years, with additional checks to see if they were still extant in November 1991 (2.5 years) and June 1992 (3.1 years): a. the entrance plug was classed as either absent (entrance open), or present (composed of soil, leaves, twigs, or a mix of soil and leaves). Leaves in tightly compacted wads were scored as plugs, whereas loose leaves inside the entrance of a burrow were simply noted; b. the quantity of litter around the entrance of the burrow was scored on a nominal scale of 0-5, where 0 ¼ no litter, 1 ¼ only a few leaves or twigs, up to 5 ¼ extensive buildup of litter, with litter piled high around the entrance of the burrow; c. the quality of burrow litter was scored on a nominal scale of 0-5, where 0 ¼ no litter, 1 ¼ 75-100% leaves/0-25% twigs, 2 ¼ 50-75% leaves/25-50% twigs, 3 ¼ 25-50% leaves/50-75% twigs, or 4 ¼ 0-25% leaves/75-100% twigs; d. the position of the burrow entrance relative to its permanent steel marker rod was measured as the distance and compass direction from the marker to the center of the rear margin of the burrow entrance.
These data were used to estimate the stability of the burrow entrance in space (Appendix), and only burrows that remained in use for more than 6 months from the start of the study were considered (n ¼ 76). Parameters b, c, and d were not measured when the burrow entrance was plugged.
Red crabs molt in sealed burrows, so the presence of an entrance plug was used as an indicator of when, and how often, red crabs molt. Molting red crabs remain sealed inside their burrows for between 4.4 and 5.4 weeks (Green, in press) , and in this study, burrow entrances that were plugged for either 2 (minimum 2, maximum 6 weeks) or 3 (minimum 4, maximum 8 weeks) consecutive surveys met this requirement. The analysis was limited to a single 12-month period between seaward breeding migrations (see Hicks 1985; Hicks et al., 1990) , because although it is reasonable to assume that red crabs use a single burrow during the year, it is not known whether they return to exactly the same burrow after travelling a total distance of at least 2 km through rugged terrain back to the study site. This study covered one complete intermigration period, from December 1989 to December 1990.
RESULTS

Burrow Density and Turnover
Mean burrow density remained remarkably consistent during the study, varying between 140 and 160 burrows/100 m 2 (Fig. 1) . Mean density was particularly stable during the second year of the study at around 152 burrows/100 m 2 . Burrow density was stable on individual plots, but highly variable between plots, as shown by the error bars in Fig. 1 . Density on the most sparsely populated plot hovered around 75 burrows/100 m 2 for the twoyear period, but was around three times higher (230 burrows/100 m 2 ) on the most densely populated plot.
New burrows were excavated and existing burrows were abandoned and closed down throughout the study. Between 27% and 61% of the burrows that were in use at the start of the study had fallen into disuse after two years, resulting in a mean time to complete burrow turnover of 4.4 6 0.7 y (mean 6 SE, n ¼ 6 plots). Another estimate of burrow turnover time was calculated by considering the closure of the closely monitored burrows through time (Fig. 2) . If just the first two years of the study are considered, a linear regression of number of burrows vs. time indicates that all burrows would have closed down after 4.7 y (r 2 ¼ 0.94, P , 0.001, n ¼ 53). Adding the two extra observations at 2.5 and 3.1 y slows the time to complete turnover to 4.9 y (r 2 ¼ 0.94, P , 0.001, n ¼ 55).
Seasonal Pattern of Burrow Plugging
Red crabs plugged the entrances to their burrows throughout the year, but major peaks in the proportion of plugged burrows were recorded during both wet seasons in this study (Fig. 3) ; a mean of 49% of burrow entrances were plugged in early March 1990, and 59% were plugged at the same time in 1991. Crabs plugged their burrows almost exclusively with soil during the major wet season peaks (January-June; 91% and 97% of closely monitored burrows in 1990 and 1991, respectively). At other times, for example during the end of the dry season (records during July-December), proportionally more burrow entrances were plugged with either a wad of leaves or a combination of leaves and soil (38% of observations in both the 1989 and 1990 dry seasons). Red crabs only once used twigs to plug one of the closely monitored burrows. Loose leaves were observed inside the entrances of nearly all burrows during very dry periods.
Closely monitored burrows that persisted for the entire study period (n ¼ 53) were plugged for an average of 14.9 6 1.0 surveys (mean 6 SE), or 28% of the year. In all burrows this total was broken up into a number of shorter periods, and the plugging records for individual closely monitored burrows were used to estimate when, and how often, red crabs molt under natural conditions (see Methods). During one complete intermigration period (December 1989 -December 1990 , 9% of burrow entrances were plugged for 2 separate periods of 3 or more consecutive surveys, 65% were plugged for 1 period of 3 or more consecutive surveys, and 26% were never plugged for that length of time during the wet season (Table 1) . During the dry season of the same 12-month period, 85% of burrows were never plugged for 3 or more consecutive surveys. During the plugging peaks in March 1990 and March 1991, 100% and 93%, respectively, of plugged closely monitored burrows were in an episode of plugging for 3 or more consecutive surveys.
Burrow Entrance Repositioning
The entrances of closely monitored burrows were repositioned within areas ranging from 0.1 cm 2 to 433 cm 2 (Fig. 4) . Sixty-seven percent of entrances moved within 20 cm 2 or less, and 83% moved within 60 cm 2 or less. Resident crabs maintained the original entrance in 92% of closely monitored burrows, and only excavated new entrances (8%) where the original had either collapsed or was obstructed by fallen debris. In these few cases, the area over which the entrance moved during the study varied from 212 cm 2 to 433 cm 2 and accounted for 5 of 8 burrows where the entrance moved more than 200 cm 2 (Fig. 4 ).
Quantity and Quality of Burrow Litter
The amount of litter around the entrance of a closely monitored burrow varied seasonally and was characterized by the gradual build-up of litter during the dry season, followed by its almost complete disappearance during the following wet season (Fig. 5) . At the start of the study in April 1989 (wet season), the ground around 70% of burrow entrances was completely bare of litter, and the litter around a further 20% of entrances consisted of only a few leaves or twigs. Litter was piled high (nominal scores 4 and 5) around only a few burrows. For the remainder of the wet season and throughout the July-December 1989 dry season, this proportion increased, reaching a peak in January 1990 at the start of the following wet season. At this time, litter was piled high around 52% of burrow entrances (score 5), and to a lesser extent (scores 3 and 4) around a further 20% of entrances. Less than 7% of entrances were completely free of litter. During the next few months of the 1990 wet season, the accumulated litter gradually disappeared as the crabs either consumed it or relocated it to the chambers of their burrows. By June 1990, the proportion of entrances that were either free of litter or had very little litter returned to a level similar to that measured 12 months previously. Litter again accumulated around burrow entrances in the (following) 1990 dry season and had started to disappear by the time the study finished during the 1991 wet season. The quality of burrow litter also varied seasonally (Fig. 6 ). When burrow litter peaked during the dry season, it was composed almost entirely of leaves. As litter disappeared from around burrow entrances during the wet season, the proportion of entrances with a comparatively woody litter increased and peaked near the end of the wet season. However, this proportion was never large, reaching about 25% of burrow entrances at the end of the 1989 wet season and less than 20% in the 1990 wet season. Gibson-Hill (1947) commented that G. natalis burrows ''may be dug and abandoned relatively quickly,'' but, to the contrary, the data from this study suggest that red crab burrows are stable structures and persist for several years. More than 40% of the closely monitored burrows were still in use after three years, and the time to complete burrow turnover was estimated at between 4.4 y and 4.9 y. This is probably an underestimate. Major peaks in the proportion of plugged burrow entrances were recorded in early March of each wet season, and it is almost certain that many red crabs were molting at this time (see below). Given this, many of the ''new'' burrows that appeared on the plots during April and May 1988 were probably not newly excavated burrows but existing burrows that were reopened after ecdysis. The age of these burrows when first marked in April 1988 is obviously unknown, and the calculated turnover time of 4.4-4.9 y must be regarded as a minimum estimate. The average longevity of G. natalis burrows can only be guessed, but is likely to be at least 3 y. There are no comparable data for other gecarcinid land crabs, but Herreid and Gifford (1963) presented data that indicate that Cardisoma guanhumi Latreille, 1825, burrows are also durable and turn over very slowly.
DISCUSSION
These data suggest that terrestrial crabs may not have the same positive impact on aboveground processes as crabs in some intertidal habitats (e.g., Bertness, 1985; Smith et al., 1991) . These intertidal crabs are effective ''ecosystem engineers'' (Lawton and Jones, 1995) that dig and abandon numerous small burrows relatively quickly, sometimes in just a matter of weeks (Bertness and Miller, 1984) , thereby continually aerating and draining otherwise waterlogged, hypoxic soils (Katz, 1980; Montague, 1980 Montague, , 1982 Takeda and Kurihara, 1987) . By contrast, terrestrial soils are much less hypoxic and are better drained than marsh and mangrove soils, probably making the burrowing activities of animals like red crabs of much less importance to plant productivity. In any case, the burrows of red crabs turn over so slowly that their impact on processes that might increase rain forest productivity (such as soil aeration) is probably negligible. Crude calculations combining estimates of burrow volume, density, and turnover suggest that red crabs could increase the surface area of the soil available for gas exchange between the air and soil by ;13%, and that annually, they probably turn over less than 1% of the top 20 cm of soil at Murray Hill (Green, 1993) . This is not to say, however, that G. natalis is not an important ecosystem engineer in other ways; on the contrary, these crabs are the single most important determinant of seedling recruitment dynamics on Christmas Island (Green et al., 1997) , and probably also play a pivotal role in Table 1 . The proportion of closely monitored burrow entrances that were plugged 0, 1, or 2 times for a minimum of 2 or 3 consecutive surveys from December 1989 to December 1990. Entrances recorded as plugged for 3 consecutive surveys were actually plugged for between 4 and 8 weeks. Entrances recorded as plugged for 2 consecutive surveys were actually plugged for between 2 and 6 weeks. the dynamics of nutrient cycling (Green et al., 1999) . Burrow density remained remarkably constant during the two-year study period, despite the annual absence of up to half of the resident crab population for breeding activities at the coast at the start of each wet season (Green, 1997) . At Murray Hill, burrows vacated by breeding crabs were left unattended for several weeks, and the persistence of these burrows is due in part to the generally nonfriable nature of the soil at the study site. Also, the fact that exposed tree roots often formed the rear margin of burrow entrances may have contributed to their stability. However, the lack of variation in burrow density and turnover across the breeding cycle is even more remarkable given that probably half of the resident crab population migrates (Green, 1997) . Crabs inhabit burrows according to size (Green, 1997) , and so in the ''reshuffle'' following each breeding period, it may be expected that some crabs will have to excavate new burrows instead of taking over and possibly modifying older ones. However, this was never apparent; it seems that most returned breeders were able to find suitably sized burrows, because there was very little evidence of increased rates of burrow turnover during this period.
Caching litter in the burrow interior is common in gecarcinid land crabs (Herreid, 1963; Fimpel, 1975; Henning, 1975; O'Dowd and Lake, 1989) , but the accumulation of litter around the entrance has only been described in G. natalis (O'Dowd and Lake, 1989; this study). This litter may act as a depot from which crabs can obtain leaves safely in times of low humidity or high temperature (cf. Wolcott and O'Connor, 1992) , or the litter may augment the regulation of microclimate in the burrow interior by reducing the flow of air currents across the entrance. It could also function as a navigational landmark for foraging crabs, similar to the way in which excavated sand piles help ghost crabs (Ocypode spp.) to navigate (Hughes, 1966) . Whatever the function of these litter piles, O'Dowd and Lake (1989) have demonstrated that by accumulating litter around their burrow entrances, red crabs created mosaics of nutrient ''hotspots'' that were potentially beneficial to seedling growth, provided the burrows were structurally stable. Red crab burrows are sufficiently long-lived (years), and their entrances spatially stable, to ensure that establishing seedlings could indeed experience a benefit from these nutrient hotspots. The original entrance was maintained in nearly all of the closely monitored burrows in this study, and even after two years the position of most entrances had not moved by more than a few centimeters. In fact, two thirds of burrow entrances moved within 20 cm 2 or less, which is slightly less than the area of an ''average'' burrow entrance. Red crabs typically accumulate litter to a radius of 15-20 cm around the entrances of their burrows, so in most cases small movements of the burrow entrance would not significantly shift the influence of a nutrient hotspot.
The nutrient hotspot effect and its potential benefits to seedling growth and survival may also depend on the maintenance of some minimum ratio of litter accumulated by red crabs around their burrow entrances to that of litter lying further away. Below this hypothetical minimum, hotspots may either not be created or not be biologically significant. Litterfall and crab activity are both highly seasonal at the study site (Green, 1997 (Green, , 1998 , such that litter cover and biomass on the forest floor also vary seasonally (Green et al., 1999) . Litter accumulates during the dry season as litterfall increases and crab activity is low, and gradually disappears during the following wet season when litterfall declines and crab activity is consistently high. Only on-burrow litter was considered in the present study, but general observations indicated that the litter mosaic was spatially and temporally variable; towards the end of the dry season (Nov.-Dec.), there was almost 100% litter cover and no evidence of a litter mosaic. Observations indicated that the greatest differences between on-and off-burrow litter occurred late in the wet season (April and May). However, the ground around most burrow entrances was almost bare for six months from May to August, and during this period, the litter mosaic was limited to those few burrows with a relatively large accumulation of litter. If nutrient hotspots quickly disappear in the absence of continued nutrient input from decaying litter, then establishing seedlings would only experience a transient benefit from germinating near burrow entrances.
Red crabs plugged their burrows by gradually back-filling the tunnel with soil excavated from within the burrow. Burrow entrances that were plugged in one survey would often be open again two weeks later, which is too short a time for molting to have occurred. Burrow plugging was not a common response to very dry conditions, and it is unclear why burrows were plugged for such short periods (however, burrow plugging by competing conspecifics cannot be ruled out, e.g., Wada, 1987) . Longer plugging periods were probably associated with molting, and assuming that red crabs must remain interred for at least three consecutive surveys to complete ecdysis in moderately wet conditions, then 65% of crabs molted once only, and 26% did not molt at all during the 1990 wet season. If crabs only require the equivalent of two consecutive surveys to molt, the same proportion molted once, but fewer did not molt at all, and 20% could have molted twice.
Although far from rigorous, these data suggest that most G. natalis molt annually at Murray Hill. There are no reliable field data for other gecarcinids, but both Gecarcinus lateralis (Freminville, 1835) and Cardisoma guanhumi might also molt annually (Feliciano in Wolcott, 1988; Taissoun in Wolcott, 1988; Wolcott and Wolcott, 1985) . Red crabs can probably molt at any time of the year except in very dry weather, but the plugging peaks in February-April indicated that about half the resident population completed ecdysis more or less synchronously around the middle of the wet season, after the completion of breeding activities. About half of the resident population migrates each year (Green, 1997) , so it is possible that crabs molting around March were returned breeders. These conclusions are based on the plugging periodicity of medium-sized crabs. Molt frequency is generally size specific in crustaceans and decreases with age (Hartnoll 1982) , and the frequency is known to decrease with age in at least one gecarcinid species (Cardisoma guanhumi; Henning 1975) . Given this, molting is likely to be less frequent in larger red crabs and is more frequent in very small G. natalis (H. Yorkston, unpublished results).
The data and analyses presented here describe the burrow dynamics of medium-sized red crabs at a residential site remote from their annual breeding activities near the coast. The dynamics of breeding burrows, and those excavated by very small crabs, are likely to be considerably different. For example, the burrows of small crabs (carapace width , 30 mm) are much shallower than those of medium and large crabs and are probably vulnerable to collapse during very heavy rain. As a result, their mean rate of turnover is probably much greater than larger burrows in the same area. Breeding burrows on the lower terraces of the island probably also have a greater rate of turnover than similar-sized residential burrows in forest farther from the coast (such as those at Murray Hill). After migrating to the coast, male crabs excavate special breeding burrows in which mating takes place, and females brood their eggs. Following the release of eggs into the sea, adult crabs migrate inland, abandoning most of the mating burrows that probably collapse soon after. Whatever the actual rate of burrow turnover in these breeding areas, it seems likely that annually, red crabs cause much greater levels of soil disturbance in coastal areas than at residential sites far inland. This, in turn, may have a significant impact on forest productivity, but this remains to be tested.
APPENDIX. The maximum area over which the entrance of a closely monitored burrow moved in two years (1989) (1990) (1991) was calculated as one estimate of its permanence. This was calculated as the difference in area of two arcs, with a common origin at O, the metal marker rod. The radii of the arcs, d and d9, are the minimum and maximum distances of the centre of the rear margin of the burrow entrance from O recorded during the study (faint ovals represent the position of the same burrow entrance relative to the marker rod, at different times). The angle subtended by both arcs (/) is the difference between the maximum and minimum compass directions from O to the center of the rear margin of the burrow entrance (solid circles).
